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COVID-19: Pathophysiology of Acute Disease 3

Interleukin-6 receptor blockade in patients with COVID-19: 
placing clinical trials into context
Federico Angriman*, Bruno L Ferreyro*, Lisa Burry, Eddy Fan, Niall D Ferguson, Shahid Husain, Shaf H Keshavjee, Enrico Lupia, Laveena Munshi, 
Samuele Renzi, Onion Gerald V Ubaldo, Bram Rochwerg, Lorenzo Del Sorbo

The pleiotropic cytokine interleukin-6 (IL-6) has been implicated in the pathogenesis of COVID-19, but uncertainty 
remains about the potential benefits and harms of targeting IL-6 signalling in patients with the disease. The efficacy 
and safety of tocilizumab and sarilumab, which block the binding of IL-6 to its receptor, have been tested in adults 
with COVID-19-related acute respiratory illness in randomised trials, with important differences in trial design, 
characteristics of included patients, use of co-interventions, and outcome measurement scales. In this Series paper, 
we review the clinical and methodological heterogeneity of studies of IL-6 receptor antagonists, and consider how this 
heterogeneity might have influenced reported treatment effects. Timing from clinical presentation to treatment, 
severity of illness, and concomitant use of corticosteroids are among the factors that might have contributed to 
apparently inconsistent results. With an understanding of the sources of variability in these trials, available evidence 
could be applied to guide clinical decision making and to inform the enrichment of future studies.

Introduction
Interleukin-6 (IL-6) is a cytokine that has diverse and 
pivotal roles in the inflammatory and immune responses  
to infection, and as an important downstream regulator 
of the coagulation cascade.1 Dysregulation of IL-6 
signalling pathways has been linked to inflammatory-
mediated conditions such as rheumatoid arthritis, 
juvenile idiopathic arthritis, and the cytokine release 
syndrome that can sometimes follow chimeric antigen 
receptor T-cell therapy.2–4 The characterisation of IL-6 as a 
pleiotropic cytokine implicated in different diseases has 
led to the search for therapeutic interventions that target 
the blockade of IL-6 and its downstream signalling 
pathways.5 Tocilizumab and sarilumab are monoclonal 
antibodies that target the IL-6 receptor (IL-6R) and are 
approved for the treatment of the aforementioned IL-6-
mediated conditions.5

The COVID-19 pandemic continues to exert un
precedented pressure on health-care systems worldwide, 
with a large number of patients requiring critical care 
and organ support, including invasive mechanical 
ventilation.6–8 The pathogenesis of COVID-19-associated 
acute hypoxaemic respiratory failure shares many 
features with that of acute respiratory distress syndrome 
(ARDS) due to other causes,9 but perhaps with more 
profound coagulation abnormalities and an accentuated 
inflammatory response.10–13 The early observation that 
IL-6 concentrations were higher in patients who 
subsequently developed severe forms of COVID-19 
respiratory failure led to the hypothesis that IL-6R 
blockade could be clinically beneficial in this 
population.14–17 Several observational cohort studies and 
randomised controlled trials (RCTs) have reported the 
use of tocilizumab and sarilumab in patients with 
COVID-19-related respiratory failure.18–29 Important 
differences in the design of these studies—and therefore, 

perhaps unsurprisingly, in the results reported30,31—need 
to be considered in drawing conclusions about their 
implications for clinical practice.

In view of the fact that clinical and methodological 
heterogeneity between individual studies might limit the 
extent to which pooled effect estimates can yield relevant 
conclusions,32 we aimed to summarise the rationale and 

Key messages

•	 Tocilizumab and sarilumab block the binding of 
interleukin-6 to its receptor (IL-6R), reducing 
downstream effects on inflammation and the innate 
immune response 

•	 Several randomised controlled trials have examined the 
effects of tocilizumab or sarilumab in patients with 
COVID-19, with inconsistent results

•	 Patients with severe COVID-19, especially those requiring 
high-flow nasal oxygen, non-invasive ventilation, or 
invasive mechanical ventilation, are likely to benefit from 
treatment with tocilizumab

•	 Time from clinical deterioration, rather than time from 
symptom onset, might be a better marker to define 
optimum treatment timing

•	 Patients with non-severe COVID-19, those with 
irreversible organ dysfunction, and patients with 
concurrent bacterial or fungal infections are less likely to 
benefit from IL-6R blockers, and their use might be 
associated with harm

•	 An ongoing need exists to better identify patients with 
COVID-19 who are likely to benefit from tocilizumab (and 
other anti-inflammatory treatments); future studies will 
need to establish the optimum time for treatment 
initiation and whether beneficial effects of IL-6R blockade 
are maintained beyond the initial 28 days

http://crossmark.crossref.org/dialog/?doi=10.1016/S2213-2600(21)00139-9&domain=pdf
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evidence for the use of IL-6R antagonists in patients with 
COVID-19-related acute respiratory illness. In this Series 
paper, we review the studies reported so far, discuss the 
clinical and methodological sources of heterogeneity in 
treatment effects, and consider how available and 
emerging evidence could be applied in clinical practice 
and in the enrichment of ongoing and future clinical 
trials.33

Studies of IL-6R antagonists
Up to March 5, 2021, we identified ten RCTs of 
tocilizumab or sarilumab (including 7050 patients) that 
had been completed and reported: nine published after 
peer review20–26,28,29 and one available as a preprint.27 
Additionally, we identified several reports of observational 
studies.18,19 The table provides a summary of the main 
characteristics and findings of the available RCTs. The 
included studies enrolled patients with COVID-19 of 
varying degrees of severity (both in terms of clinical signs 
and the level of respiratory support required) and a 
median time from symptom onset to randomisation 
(and drug initiation) that ranged from 6 to 12 days. 
Nine RCTs tested tocilizumab (3375 patients),20–28 one of 
which tested sarilumab in a subset of 48 patients,26 and 
one trial randomised patients to different doses of 
sarilumab (334 patients) or placebo.29 Tocilizumab was 
generally administered at a dose of 8 mg/kg intravenously, 
with at least half of the studies allowing a repeat dose 
within the first 24 h. Sarilumab was administered 
intravenously at doses ranging from 200 mg to 400 mg.

The primary outcome of these studies varied (table), 
with most trials using a combination of invasive 
mechanical ventilation or all-cause death, and at least 
half of the studies using a variation of an ordinal scale to 
summarise patients’ clinical status or requirement for 
organ support—for example, ranging from 1 (discharged 
or ready for discharge) to 7 (death).22–25,28,29 Three of the 
studies reported statistically significant improvements in 
their prespecified primary endpoints in patients 
randomised to receive tocilizumab. Specifically, the 
EMPACTA trial24 reported a reduction in the composite 
outcome of need for invasive mechanical ventilation or 
death at day 28 with tocilizumab versus placebo (hazard 
ratio 0·56, 95% CI 0·33–0·97). The recently reported 
REMAP-CAP trial26 showed an improvement in organ 
support-free days or death at day 21 with the use of 
tocilizumab compared with standard care (odds 
ratio 1·64; 95% credible interval 1·25–2·14). Finally, the 
RECOVERY trial27 showed a benefit of tocilizumab in 
terms of all-cause mortality at 28 days (risk ratio 0·86, 
95% CI 0·77–0·96) and several prespecified secondary 
outcomes, including the composite of invasive 
mechanical ventilation or death (0·85, 0·78–0·93). None 
of the other six trials demonstrated benefit,20–23,25,28 and 
one study was stopped early because of a signal for 
increased mortality associated with the use of 
tocilizumab.23

Clinical sources of heterogeneity
What are the drivers of these inconsistent findings, 
despite similar tocilizumab dosing protocols across 
studies? Several characteristics of these trials might 
explain, at least partly, the discordant results observed, 
including the following: the severity of disease; the 
timing of IL-6R blockade in relation to the course of 
clinical deterioration; the concurrent use of other drugs 
such as corticosteroids; and the presence of elevated 
inflammatory markers. A better understanding of these 
sources of variability might enhance the application of 
knowledge at the bedside and inform the rationale for 
future RCTs.

Severity of disease
Although all RCTs included hospitalised patients who 
required supplemental oxygen, important variability 
exists in the initial severity of disease used for the 
inclusion or exclusion of participants (table). Indeed, 
whereas certain trials excluded patients who required 
invasive or non-invasive mechanical ventilation 
(eg, CORIMUNO-19,20 RCT-TCZ-COVID-19,21 BACC 
Bay,22 and EMPACTA24), others considered the need for 
intensive care unit (ICU) admission and the use of non-
invasive or invasive ventilation as inclusion criteria 
(eg, REMAP-CAP26).

There are two essential mechanisms by which the 
varying severity of illness might explain the conflicting 
results of these trials. First, different degrees of clinical 
severity might be associated with different magnitudes of 
inflammation, with those at the more severe end of the 
spectrum, with the highest levels of inflammatory 
cascade activation, expected to benefit most from IL-6R 
blockade. This hypothesis is supported by the beneficial 
effect observed in studies that enrolled patients early in 
their critical care trajectory or in those with established 
but new-onset organ failure.26,27 For example, REMAP-
CAP, the study that demonstrated one of the largest 
estimates of benefit with IL-6R blockade, included 
only patients within 24 h of requiring non-invasive 
oxygenation (ie, high-flow nasal oxygen or non-invasive 
ventilation) or invasive mechanical ventilatory support. 
However, this relationship might not hold true for 
patients with the most severe disease (especially if a long 
time has elapsed from symptom onset or clinical 
deterioration), because proliferation of the inflammatory 
cascade might be too advanced for benefits to be seen 
with targeted IL-6R blockade (figure). Even if the relative 
effect of IL-6R antagonists was consistent across disease 
severities, studies that included patients with less severe 
disease, and therefore a lower absolute risk of mortality—
eg, RCT-TCZ-COVID-1921 had an overall 30-day mortality 
of less than 3%—would probably be underpowered to 
observe meaningful mortality differences between 
groups. Such reduced power would not allow definitive 
advice to be given on when and in whom to start therapy 
based only on the magnitude of inflammation.
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Timing of randomisation
Clinicians caring for hospitalised patients with severe 
COVID-19-related hypoxaemic respiratory failure often 
look retrospectively at two important time intervals: 
first, the time from onset of symptoms; and second, the 
time since clinical deterioration.34,35 Although viral 
replication probably peaks earlier, the peak of the 
inflammatory response to SARS-CoV-2 often coincides 
with or shortly precedes clinical deterioration.36 Once the 
inflammatory cascade achieves a state of hyperactivation, 
it might be too late to intervene, and it has therefore been 
hypothesised that a time window exists within which 
therapies targeting the inflammatory response (eg, IL-6 
inhibitors) will be most beneficial.37 This window might 
correlate with a time just before or just after clinical 
deterioration, perhaps when organ dysfunction is 
developing and potentially at its most reversible.38 
Although several trials have included subgroup analyses 

based on the interval between symptom onset and 
randomisation, the time of randomisation relative to 
clinical deterioration might be more important in 
defining the period of maximum efficacy of IL-6R 
blockade.

The REMAP-CAP trial26 used a 24-h window for 
randomisation after the initiation of organ support 
(mainly invasive or non-invasive oxygenation strategies) 
irrespective of the time of symptom onset. The fact that 
this study showed benefit with the use of IL-6R 
blockade, coupled with the likely detrimental effects 
observed in a trial23 that intervened at a later stage, 
seems to suggest that IL-6R antagonists need to be 
administered specifically around the time of clinical 
deterioration. However, the RECOVERY trial27 did not 
show an important interaction between the use of 
tocilizumab and the time from symptom onset (≤7 days 
vs >7 days). This finding is not inconsistent with the 

Figure: Proposed use of IL-6R blockade in patients with COVID-19-associated hypoxaemic respiratory failure
A conceptual model of the time-course of infection from the asymptomatic phase to more severe phases in patients who develop critical illness. The model includes 
completed RCTs and the main physiological features of disease in each phase. We propose a potential time window in which IL-6R blockade might be more effective. 
The length of each RCT box is proportional to the time from symptom onset or hospitalisation to randomisation in each trial population, and the location 
corresponds to the severity, on average, of enrolled patients. For many patients, the progression from the asymptomatic phase to critical illness occurs in a short 
period of time, and  the current representation might not be applicable in the case of rapid progression. Trials that appear in light orange are those that were positive 
for the primary outcome. ICU=intensive care unit. IL-6R=interleukin-6 receptor. RCT=randomised controlled trial. Figure originally created using BioRender.
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hypothesis that IL-6R blockade might be more effective 
when given closer to the time of clinical deterioration, 
and a subgroup analysis considering this time interval 
might be more valuable. Unfortunately, on the basis of 
the available data, it is not possible to confidently 
answer the question of whether time from symptom 
onset or clinical deterioration influences the efficacy of 
administered IL-6R antagonists (figure). However, 
given that the salient time point of clinical deterioration 
seems, in principle, to be a better marker for the 
initiation of anti-inflammatory therapy, subgroup 
analysis or an individual patient data meta-analysis 
evaluating this hypothesis might be a useful starting 
point.

Concomitant use of corticosteroids
The use of co-interventions in the trials we identified 
was highly variable, probably owing to differences not 
only in time of trial conduct (eg, before or after the 
widespread use of corticosteroids),39 but also in local 
clinical practice. The table summarises the proportion 
of patients that received corticosteroids or the antiviral 
agent remdesivir40 in each RCT. How the differential 
use of these treatments might have modified the effect 
of tocilizumab remains an important potential source 
of heterogeneity between trials. Of note, RECOVERY27 
found an interaction between the use of corticosteroids 
and tocilizumab: the subgroup of patients who 
received both treatments appeared to benefit the most. 
A benefit associated with a higher intensity of 
immunosuppression when both treatments are 
combined might partly explain the differential 
estimated effects among trials with different pro
portions of patients receiving corticosteroids. This 
possibility is especially relevant given the current 
widespread use of steroids in patients with COVID-19.26 
Furthermore, it raises the question of whether the same 
beneficial immunomodulatory effect could be achieved 
more easily and with less associated cost by using a 
higher dose of corticosteroids. Finally, it should be 
noted that the differential use of co-interventions across 
trials (rather than within trials) should not have 
influenced the validity of the estimated effects within 
studies (ie, due to random allocation and blinding of 
study treatments). Adaptive platform trials have the 
potential advantage of being able to study multiple 
interventions simultaneously, and more adequately 
assess treatment-by-treatment interactions.41,42

Other differences in standard of care or usual care that 
varied across trials and settings, including other drugs or 
methods of delivery of supportive therapy, might also 
have contributed to the observed differences in treatment 
effect.43 Decisions about the features of the standard-of-
care arm might limit the applicability of study findings in 
different settings (and be a source of heterogeneity 
between different trials), in the presence of effect 
modification or practice misalignment.43

Baseline inflammatory status
Of note, several of the IL-6 inhibitor RCTs (RCT-TCZ-
COVID-19,21 BACC Bay,22 TOCIBRAS,23 RECOVERY;27 
table) used serological markers to enrich the study 
population, including patients with elevated 
inflammatory markers (eg, C-reactive protein, D-dimer, 
or ferritin). Intuitively, this strategy should select patients 
with an increased inflammatory response, who might 
benefit most from IL-6R blockade. However, of these 
trials, only RECOVERY27 reported a beneficial effect with 
the use of tocilizumab, and TOCIBRAS23 showed 
potential harm. Moreover, the benefit of tocilizumab 
treatment was evident across all C-reactive protein 
subgroups in the REMAP-CAP trial.26

These observations do not necessarily prove that 
enriching the population of COVID-19 patients for RCTs 
of IL-6R blockade will not be beneficial. Rather, they 
might indicate that commonly used inflammatory 
markers are not sensitive enough to adequately select 
patients who are likely to benefit, since their biological 
association with IL-6 might not be linear or temporally 
simultaneous. Additional enrichment strategies could 
include the use of specific cytokine profiles or the 
combination of serological markers with observed 
clinical phenotypes (eg, acute illness severity scores).44 
The extent to which the concentrations of circulating 
serum cytokines, and in particular IL-6, reflect or affect 
the response to tocilizumab in patients with COVID-19 is 
also uncertain. Several studies have shown that increased 
IL-6 concentrations are associated with subsequent 
clinical worsening and need for escalating respiratory 
support measures in patients with COVID-19.45–47 
However, a systematic review and meta-analysis found 
that IL-6 concentrations in critically ill patients with 
COVID-19 were not significantly higher than those in 
patients with less severe disease.10 Nevertheless, it should 
be noted that if IL-6 is indeed part of the causal pathway 
that leads to clinical worsening and severe disease, this 
might occur even at lower serological concentrations. 
Moreover, the biological effects of IL-6 might depend not 
only on the concentrations of the soluble cytokine.1,48 
Hence, in our view, these findings do not necessarily 
argue against the efficacy of blockers of IL-6 signalling in 
patients with COVID-19, but instead suggest that the 
timing of serum IL-6 measurement or relative rather 
than absolute changes in IL-6 concentrations might be 
key to identifying which patients will benefit from 
treatment. Whether IL-6 acts as a predictor or an effector 
(or both) of clinical deterioration is a fundamental 
question that needs to be answered.

Finally, among the RCTs that showed no difference 
with tocilizumab, patients randomised to receive 
tocilizumab had higher concentrations of IL-6, IL-10, and 
interferon-γ after its administration.23 Moreover, 
observational reports have suggested that an increase 
in alternative, non-IL-6 cytokine expression might 
represent a surrogate of non-response to tocilizumab.49 
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This rebound might reflect a feedback mechanism 
triggered by receptor blockade or by diverting 
inflammation through collateral pathways, and could be 
detrimental depending on the half-life of the initial 
treatment. A longer-lasting or more widespread cytokine 
blockade might be needed to counter the overactivated 
inflammatory cascade.

Methodological sources of heterogeneity
Observational studies
Several observational studies have been published that 
examined the use of tocilizumab in patients with 
COVID-19.18,19 These studies were generally well done, 
and most attempted to account for confounding, which 
is commonly a concern with observational data and 
limits the ability to estimate causal effects.50 The results 
of observational studies have been largely consistent 
regarding the beneficial effects of IL-6R blockade on 
clinical outcomes in patients with COVID-19-related 
hypoxaemic respiratory failure.30 This consistency—in 
contrast to the discordant findings of RCTs—could have 
a causal or a non-causal explanation. For example, 
observational studies have included mostly patients with 
higher levels of disease severity, who are thus expected to 
have a more marked inflammatory state, potentially 
increasing statistical power. Furthermore, observational 
studies are subject to residual confounding that could 
bias the results in both directions (ie, either away or 
towards the null). For example, it is possible that 
physicians were more likely to use tocilizumab or 
sarilumab in patients who were more likely to survive or, 
by contrast, in those who were sicker as a last-resort 
salvage attempt. Indeed, assessment of the efficacy of 
IL-6R blockade in patients with COVID-19 should be 
based primarily on the available RCTs, given the benefits 
of randomisation in balancing known and unknown 
prognostic factors. Notwithstanding their limitations, 
large observational studies might have an important role: 
first, in shedding light on the subgroups of patients 
with COVID-19 who might benefit the most from 
IL-6R blockade; second, in providing crucial information 
on side-effects and secondary infections that occur at low 
rates and are therefore challenging to study in the context 
of an RCT; and third, in describing the effects of IL-6R 
blockade among people who are usually excluded from 
RCTs, such as immunosuppressed patients and pregnant 
women.

Absence of blinding
Several of the RCTs that evaluated the effects of IL-6R 
blockade in patients with COVID-19 have been conducted 
as open-label studies. Moreover, blinded RCTs could have 
been unmasked by changes in inflammatory markers 
such as C-reactive protein in the tocilizumab arm.51 An 
absence of blinding could have affected the internal 
validity of individual trials through co-intervention and 
differential decision-making regarding intubation and 

ICU admission, which were, in several studies, part of 
the scales used to define either primary or secondary 
outcomes.

Outcome selection and analytical strategy
The primary endpoints of the RCTs reported so far have 
varied (table). The most frequently selected endpoints 
have been ordinal scales assessing clinical improvement 
or worsening, or the composite of death and invasive 
mechanical ventilation. Together with differences in the 
baseline severity of enrolled patients, the use of different 
outcomes might have contributed to inconsistencies in 
the reported results. Such inconsistencies might reflect 
differences in statistical power (due to the chosen 
endpoint) and the likelihood of tocilizumab to influence 
some (if not all) outcomes under consideration.

The use of early stopping rules might also explain 
inconsistent results across trials, with studies that were 
stopped early more likely to reflect a false positive (type I 
error) or a false negative (type II error) result.52 The 
analytical strategy—ie, the use of a Bayesian design, as in 
REMAP-CAP,26 versus frequentist approaches—might 
be another source of observed discrepancies.53 For 
example, the use of adaptive platforms within a Bayesian 
framework could maximise the finding and interpretation 
of a beneficial effect. Furthermore, the choice of priors 
and stopping rules affect the decision to stop enrolment 
(or not) and will thus change the final estimated effect of 
a given trial. Importantly, it has been shown that the 
conclusions from frequentist and Bayesian analysis of 
the same evidence are not always consistent.53

Challenges and future directions
Knowledge of the available evidence, alongside a deeper 
understanding of the differences among trials examining 
IL-6R antagonists, might help to inform the application 
of this evidence to clinical practice and the enrichment of 
ongoing and future RCTs. Current evidence points to a 
beneficial effect of tocilizumab—in terms of reduced 
need for invasive mechanical ventilation, reduced all-
cause death, and improved clinical status—in patients 
with more severe COVID-19, whereas patients with non-
severe disease probably do not benefit. It is also likely 
that the benefit of IL-6R blockade is closely linked to the 
time of maximum inflammation manifested as clinical 
deterioration.

Several relevant research questions remain unanswered 
(panel). First and foremost, exploration of the timing of 
tocilizumab administration and enhanced patient 
selection to maximise benefit and reduce harm is 
warranted. Second, given that most RCTs excluded 
patients with ongoing or suspected active bacterial or 
fungal infections, the role and safety profile of IL-6R 
blockade in this setting remains unknown. Although 
most RCTs did not identify safety concerns with 
tocilizumab, surveillance for potentially detrimental 
effects, such as increased risk of infection, once the drug 



662	 www.thelancet.com/respiratory   Vol 9   June 2021

Series

is used more widely should be heightened. Third, the 
extent to which the benefit observed with tocilizumab 
can be extended to sarilumab remains unknown. The 
relatively small number of patients randomised to 
sarilumab precludes further depiction of the benefits 
observed overall as a class effect for all IL-6R antagonists. 
Fourth, given the relatively short time-frame of outcome 
assessment in the EMPACTA,24 REMAP-CAP,26 and 
RECOVERY27 trials, an additional unanswered question 
is whether the beneficial effects observed in these trials 
will be maintained at longer follow-up periods, such as 
60 or 90 days—something that will probably be 
monitored by regulatory agencies. Longer-term follow-up 
is important, especially given the long hospitalisation 
period of some patients with COVID-19-associated 
critical illness.54

Notwithstanding the ongoing need for further evidence, 
significant additional challenges remain. First, assuming 
efficacy, the cost-effectiveness of tocilizumab is unknown. 
This is especially relevant in the context of widespread 
infection and extreme pressure on health systems. 
Second, it is worth mentioning the role and weight of 
individual trial results released as preprints when 
evaluating the evidence for a specific intervention. The 
reports on the use of tocilizumab serve as a relevant case 
study in which, for a moderate amount of time, 
therapeutic decision making was based on preprints (on 
this occasion, these were very similar to the fully 
published reports).26 Ongoing discussions are needed to 
assess the benefits of rapid access to trial results that are 
perceived to be practice-changing, to weigh these benefits 
against the risks of dissemination before peer-review, and 
to consider the need for quality control. The use of 
preprints is an aspect of current research and clinical 
practice that is likely to have long-lasting consequences, 
far beyond the current COVID-19 pandemic.55

Conclusions
Should all severely ill patients with COVID-19-associated 
acute hypoxaemic respiratory failure receive tocilizumab? A 
one-size-fits-all approach is unlikely to be the answer. Given 
the inconsistency in the data and the challenges in accurately 
quantifying and identifying potential explanations for such 
heterogeneity, strong recommendations for unselected 
populations are probably not possible. However, we argue 
that tocilizumab is probably beneficial among patients who 
require respiratory support, soon after the time of clinical 
deterioration. Future studies of immunomodulatory therapy 
for patients with COVID-19 should integrate the knowledge 
gained in order to maximise sample enrichment, carefully 
monitor for harm such as secondary infections, and evaluate 
benefits for longer follow-up periods. Furthermore, tools to 
predict the response to tocilizumab (and other anti-
inflammatory treatments) in terms of serological markers or 
clinical patterns might prove to be helpful in guiding optimal 
tailored therapy at the bedside.
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